This study aimed to analyse the composition and the ecological attributes of small-sized fish assemblages in four lagoons and in the main channel of Rosana Reservoir (SE Brazil). Fieldwork was carried out in September and November/2004 and January, March, May and August/2005. In each sampling station and period five manual throws were performed towards aquatic macrophyte stands, using a hand net (1.5 × 5 m; 0.3 cm of mesh size). The ichthyofauna collected was represented by 42 species, totalizing 3,424 individuals, 2,186 g in weight. The order Characiformes was dominant, mainly in the lagoons with low connectivity with the river. The main taxon (Importance Index) was Hemigrammus marginatus. Higher richness, abundance, biomass, diversity and lower individual mean length were observed in the lagoons, especially during the rainy period. Spatial segregation of some species was showed by the canonical correspondence analysis indicating the habitat complexity. The results validate the hypotheses that lateral lagoons have a prominent ecological role in the life cycle of juveniles and small fish and demonstrate how the connectivity river/lagoons may be important for assemblages maintenance.
Introduction
The construction of reservoirs has been intensified in developing countries during the last decades (Kennedy et al., 2003) . In Brazil, these systems are especially designed to attend increasing demands for energy. Presently, 90% of the electric consumption is provided by hydropower plants (ca. 70.000 MW) (Tundisi and Matsumura-Tundisi, 2003) . As a consequence, the regional riverine systems have been transformed in large and spatially complex lentic (or semi-lentic) ecosystems (Soares et al., 2008) , which also influence the downstream stretches (Naliato et al., 2009) . River regulation represents a major impact on fish assemblages and can drastically change the species composition and abundance. Some species cannot survive in the newly-created environment while others can become excessively abundant (Ahearn et al., 2005; Pelicice and Agostinho, 2008) .
The filling up of reservoirs can increase the connectivity between river and floodplain habitats, or even take to the formation of artificial lagoons (Henry, 2005) . The lateral lagoons might play an important role for biodiversity maintenance of the entire fluvial ecosystem (Baumgartner et al., 2004) . These environments are highly productive, exhibit numerous microhabitats and are colonised by rich assemblages of plants, invertebrate and vertebrate fauna (Pieczynska, 1995) . Therefore, these environments are extremely relevant for conservation of the freshwater fish fauna (De Lima and Araujo-Lima, 2004) .
In the Neotropical region, the lateral habitats, especially lagoons and tributary entrances, are considered as natural spawning and growing sites for the ichthyofauna (Meschiatti et al., 2000; Casatti et al. 2003; Pelicice et al., 2005) . These environments offer essential resources for the lifecycle strategies and tactics (refuge, reproduction, feeding, growth, etc.) for many fish species (Agostinho et al., 2000) .
An important structural component of lateral lagoons is the presence of large stands of aquatic macrophytes. The dominance of small-sized species of the ichthyofauna associated with these plants, as well as juveniles of larger ones, has been well documented in Brazil (Agostinho et al., 2002; Casatti et al., 2003; Pelicice and Agostinho, 2006) . The two main factors that explain the high density of small fish in vegetated habitats are the availability of food resources and shelter against predators (Rozas and Odum, 1988; Schriver et al., 1995) .
Information on fish fauna for Rosana Reservoir, located in the Paranapanema River (SE Brazil), is restricted Pelicice and Agostinho, 2005 and no study has yet focused on the importance of the different kinds of lateral lagoons on these organisms.
For the present study, two hypotheses were formulated. The first is that the lateral lagoons have a prominent ecological role for the ichthyofauna, mainly for small fish. The second one is that the degree of lagoon/river connectivity influences the composition and the ecological attributes of small fish fauna.
Thus, this research aimed to validate the proposed hypothesis through the analysis of the composition and the ecological attributes of small-sized fish assemblages in four lagoons in the main channel of Rosana Reservoir. The specific objectives were to determine the spatial and temporal variation in the composition, richness, abundance and diversity and to correlate the abundance of fish and the limnological variables simultaneously measured (transparency, temperature, pH, electric conductivity of water, turbidity and concentrations of dissolved oxygen, suspended matter and total nutrients).
Material and Methods

Study area
The study area corresponds to the upstream (tail) zone of Rosana Reservoir, approximately 80 km above dam (Figure 1 ), which is located at 22° 36' S e 52° 52' W. The reservoir is the last one from a series of eleven along the Paranapanema River (SP/PR, Brazil), with a surface area of 276 km 2 (watershed of 11,000 km 2 ), water retention time of 21 days (annual mean values), relatively shallow (maximum of 26 m close to the dam) and oligo-mesotrophic .
The climate is subtropical humid (average temperature of 21 °C) with two pronounced seasons, dry weather predominates from April to August (autumn/winter), and the rains are concentrated in late spring and summer (from November to March) (Duke Energy, 2003) . During the study period, the rainy season ranged from September/2004 to January/2005 (monthly average of 157 mm), while the dry period ranged from February to August of 2005 (monthly average of 70.7 mm). The accumulated rain precipitation in the study year was 1,207.5 mm. The rain precipitation data was provided by the meteorological station of the State Park of Morro do Diabo, municipality of Teodoro Sampaio (State of São Paulo).
Data collection
The study was carried out in 4 lagoons and one sampling station in Paranapanema River (PR), close to the river bank ( Figure 1 ; The sampling stations positioning, the area of each lagoon (integration of geometric distances), as well as their connectivity (transversal section of the lagoon mouth) with the river-reservoir main channel, were determined using a Garmin E-Trex GPS.
Fish were sampled with a net of 7.5 m 2 (1.5 × 5 m; 0.3 cm of mesh size). In each point/period five manual throws were performed towards the aquatic macrophyte stands. This sampling system was chosen for its effectiveness for the capture of small fishes. The numerical abundance and biomass in each sampling point and period correspond to an area of 37.5 m 2 (integrated area of 5 throws). The organisms were immediately fixed in 10% formalin.
In the laboratory the organisms were transferred to ethanol 70% for permanent storage. Voucher specimens are deposited in the Freshwater Fish Collection of the Department of Zoology (FFCZ 2005-21) , State University of São Paulo, Campus of Botucatu.
The biometry of all collected organisms was obtained through measurements of weight (biomass in g; Mettler Toledo PB 3002 scale, 0.01 g accuracy) and standard lenght (paquimeter, 0.1 mm) -standard (except for Gymnotiformes and Synbranchiformes) and total.
For taxonomical identification of the fish species, the specialized literature was used (Britski, 1972; Britski et al., 1986; Britski et al., 1999; Reis et al., 2003; Nelson, 2006; Graça and Pavanelli, 2007) and consultations of the scientific collections of the State University of São Paulo (Campus S. J. R. Preto) and University of São Paulo Museum (MZUSP) were made.
The limnological variables were measured in order to characterise the sampling points. Temperature, dissolved oxygen, pH and conductivity were measured at every 0.5 m, using a multiprobe water analyser Horiba (U-22); water transparency, with a Secchi disk and turbidity, measured with a turbidimeter MSTecnopon. Sub surface (ca. 1.0 m) water samples were collected (Van Dorn bottle) for determination of the total nitrogen (Mackreth et al., 1978) , total phosphorus (Strickland and Parsons, 1960) , after physical and chemical digestion (Valderrama, 1981) , and suspended solids by gravimetry (Cole, 1979) .
Data analyses
Numerical richness, abundance and biomass were calculated for the communities while Index of Importance (Nataragam and Jhingian, 1961 apud Beaumord and Petrere, 1994) was calculated for each species. In terms of frequency (%) of capture (c) the species were classified as constants (C > 50%), accessory (25 < A < 50%) and rare (R < 25%) (Dajoz, 1973) .
The Shannon-Wiener index, which is widely used in analyses of communities structure (Magurran, 2004) , was calculated to estimate the fish assemblage diversity of each lagoon in the distinct sampling periods.
The mean values of the community attributes were calculated to synthesise the information and facilitate the identification of patterns. Two periods were considered in the analysis: rainy and dry periods. The representativeness of the means was assumed based on the normal data distribution (Shapiro-Wilk's W test) (Underwood, 1997; Statsoft, 2001) .
A one-way ANOVA test was performed to detect differences among sampling sites. When differences were detected, the Tukey test was applied to determine the level of significance (Underwood, 1997) . Differences between the periods were tested by the test t-Student, using the mean of the variables for each season (dry and rainy). Values of p < 0.05 (Underwood, 1997) were considered statistically different. The analyses were performed using StatisticaTM 6.0 software (Statsoft, 2001) .
A cluster analysis was performed (NtSys), using the accumulated numerical abundance of the species in each sampling point, for identification of the degree of similarity among the studied sites. For this grouping analysis, the index of Morisita-Horn was applied. It is widely used in community ecology because is less influenced by species which were not collected (zeros) (Krebs, 1989) .
A canonical correspondence analysis, CCA (Pcordwin) (McCune and Mefford, 1999) was used to verify correlations between the fish species and the limnological variables, per sampling site and period. The data were previously standardised (log x+1 ), except for pH, for the diminution of intrinsic data variability and to enhance the degree of the analysis explicability.
Finally, a correlation analysis (r-Pearson) (Sokal and Rohlf, 1979) between the lagoon connectivity and the fish abundance was carried out, in order to evaluate whether the connectivity lagoon/river influences the composition and the ecological attributes of small fish. For this analysis, the temporal series of data obtained along the six samplings for each lagoon was used. The representativeness of the data was assumed based on the normal data distribution (Shapiro-Wilk's W test) (Underwood, 1997; Statsoft, 2001 ).
Results
Ichthyofauna
A total of 3,424 individuals, from 42 species, was collected during the study ( Table 2 ). The order Characiformes was the most abundant, totalising 95.4% of the individuals, followed by Perciformes, 2.5%, and Siluriformes, 1.2%. Other orders represented only 0.9% of the individuals.
Higher richness was observed in the lagoons and lower in the river central channel (Figure 2 ). Temporally, richness was higher in the rainy period (12 species) compared to the dry period (7 species) (p < 0.001).
The fish abundance was significantly higher at the lagoon FPA (p < 0.01) (Figure 3 ). The other sampling stations exhibited a similar mean value (ca. 100 individuals; p = 0.837). Higher numbers of individuals were collected in the rainy period (156 individuals) compared to the dry period (72 individuals) (p = 0.03).
Higher values of biomass ( Figure 4 ) were found at the FPD station, followed by FPA (p = 0.048). The other three sampling stations (FPB, FPC and PR) exhibited a similar biomass (p > 0.05). The rainy period exhibited a higher biomass (89 g) compared to the dry period (56 g) (p < 0.01).
Higher individual mean length was observed at the river sampling station, PR (37 mm), followed by the most connected lagoon, FPC (34 mm). Lower individual mean length was observed during the rainy period, 26 mm, and higher in the dry period, 44 mm (p = 0.042).
The numerical abundance, biomass and mean length of each species are also shown in Table 2 .
Data of relative abundance, considering all periods for each sampling site ( Figure 5 ), showed that Characiformes was more abundant in the lagoons, while Perciformes, Siluriformes and Gymnotiformes were more important in the river channel. In terms of Species Importance (I) the main species was Hemigrammus marginatus, for all sampling stations (Table 3) . Other abundant species were Hyphessobrycon eques, Bryconamericus stramineus and Serrapinus notomelas for Characiformes; Crenicichla britskii for Perciformes; Hypostomus ancistroides for Siluriformes and Gymnotus carapo for Gymnotiformes.
The species H. marginatus, H. eques, Aphyocharax anisitsi and C. britskii were classified as constant at all sampling stations (Table 3 ). There was a homogeneous distribution among rare, accessory and constant species in the river. The maximum occurrence of rare species (52%) was seen at FPC and the most constant ones at FPA, FPB and FPD.
The variation of the Shannon-Wiener (H') diversity was higher in the lagoons when compared to the river channel and the highest value was calculated for FPD ( Figure 6 ). In general the diversity was higher in the rainy period (2.4 bits.org -1 ) and lower in the dry period (1.8 bits.org -1 ) (p = 0.047). Differences among the sampling stations, based on the fish composition and abundance, were evidenced by the similarity analyses (Figure 7) . The lagoons FPA, FPB and FPD had a more similar and abundant ichthyofauna, while the river assemblage (PR) was associated with the lagoon FPC. The ichthyofauna was more similar between FPA and FPB. In these lagoons, a high number of H. eques and the low occurrence of R. descalvadensis and S. maculatus were observed, as well as the exclusive presence of Leporinus octofasciatus. The graphical superior positioning of the FPA in the similarity analysis is related to the highest absolute abundance (1,130 individuals) Table 3 . Index of importance of the species (I; %) (in bold, the 5 most important species in each sampling point) and the capture constancy classification (c), where C = constant, A = accessory and R = rare. The correlation between the ichthyofauna abundance and the lagoons/river connectivity showed that the narrower the connection between the environments, the higher is fish abundance (r = 0.68; p = 0.003). Seasonally, there was no statistical difference among the values of connectivity (p = 0.721).
Taxon
Environmental variables
The measured limnological variables are shown in Table 4 . The main differences were observed at the temporal scale, especially for turbidity, suspended matter and transparency. In August, the dry period, all sampling stations exhibited total transparency of the water. There was also a remarkable increment in the concentration of total suspended solids and nutrients during the rainy period. Among the sampling stations some important differences in the variables between the lagoons and the river were observed. In terms of mean values this last sampling station (PR) exhibited the highest conductivity, suspended solids, turbidity and total phosphorus and the lowest transparency.
Canonical correspondence analysis
The results of the CCA (Figure 8 and Table 5 ) explained 60.7% of the data variability (p = 0.01), considering the three first ordination axes (axis 1 = 29.6%, axis 2 = 26.2% and axis 3 = 4.9%). The species A. anisitsi (sp4), Leporinus Table 2 and 5 for abbreviations. (sp30) and Pimelodus maculatus (sp33) were better correlated to the positive side of the axis 1, associated to lower values of total nitrogen and suspended matter. The species B. stramineus (sp5) and Rhamdia quelen (sp34) were better positioned on the negative side of axis 1, associated to high concentrations of total nitrogen and suspended solids.
The species B. stramineus (sp5), R. descalvadensis (sp18) and Serrasalmus maculatus (sp21) were located on the positive side of the axis 2, associated to high concentrations of total nitrogen, total phosphorus and suspended solids, as well as to high temperature, turbidity, conductivity and precipitation. The species R. quelen (sp34) and C. britskii (sp37) were positioned on the negative side of axis 2, associated with higher pH values.
Some associations between the sampling stations and the ichthyofauna could also be identified through the CCA analysis. Rhamphichthys hahni (sp27) and S. marmoratus (sp42) exhibited a high correlation with the FPA in January; Galeocharax knerii (sp7) with FPB in January; Serrasalmus marginatus (sp22) with FPB in March; Cichlasoma paranaense (sp36) with FPB in May; Crenicichla haroldoi (sp38) with the FPC in January; Trachelyopterus galeatus (sp32) with FPC in March; L. striatus (sp13) and Hypostomus sp2 (sp30) with FPC in May; P. maculatus (sp33) with FPD in May and R. quelen (sp34) with PR in September.
Discussion
The role of lateral lagoons as a prominent ecological habitat for small freshwater fish has been widely demonstrated for the Neotropical region (Gafny et al., 2000; Barrella and Petrere Junior, 2003; Casatti et al., 2003; De Lima and Araujo-Lima, 2004; Pelicice and Agostinho, 2005 . The importance of the lagoon/river connectivity on the composition and the ecological attributes of fish assemblages is also reinforced by the results of the present study.
The fish richness observed in the Rosana Reservoir lagoons during the present study, 42 species, represents 57% of the total number of species registered in the lower stretch of the Paranapanema River (Britto and Carvalho, 2006; Duke Energy, 2003) . Higher richness in the lagoons was an expected result due to the fact that these environments exhibit a wider habitat variety, including food resources, when compared to river channel (Lachavanne and Juge, 1997) .
In previous inventories carried out in vegetated (littoral) habitats of Rosana Reservoir, Casatti et al. (2003) found 20 different fish species. The same number was observed by Pelicice et al. (2005) , also associated to aquatic vegetation stands in the reservoir. The relatively high number of species found in the present work is probably a consequence of a comparatively higher sampling effort (six periods and five different areas). Casatti et al. (2003) studied only one area (corresponding to our FPB sampling station) during 4 periods and Pelice et al. (2005) studied 2 areas in a single period of the year. In relation to this last study, the relatively low richness can also be associated to the reservoir compartments which were investigated -the central channel and the lacustrine zone near the dam. It should be mentioned that we have not found 4 species which were already registered in the littoral zones of Rosana Reservoir: Apareiodon affinis, Loricariichthy labialiis , Schizodon borelli and Sternopygus macrurus (Pelicice et al., 2005) . Most species found in the study belong to Characiformes, followed by Siluriformes and Perciformes. The dominance of Characiformes in Neotropical fish assemblages is a recurrent pattern (Lowe-McConnell, 1999; Langeani et al., 2007) and has been confirmed by the Paranapanema River inventories (Britto and Carvalho, 2006; Vianna and Nogueira, 2008) .
Characiformes predominated in all sampling stations, but their abundance was even higher in the lagoons with lower connectivity with the river (r = 0.84; Pearson coefficient). This fact indicates that the lagoons offer better conditions for the surviving of these small-sized species, constituting a preferential residence site as demonstrate by Agostinho et al. (2000) . At the river bank (PR), there was a higher proportion of Perciformes, represented by piscivorous fish (except S. pappaterra). Probably, as the predation impact on these species is not too intense, they do not need to search for refuge in the lagoons, also being capable of exploiting environments with lower food availability (Novaes et al., 2004) .
The correlation analyses based on the fish assemblage composition and abundance showed a higher similarity between the river bank sampling station (PR) and the most connected lagoon (FPC). This analysis also revealed a second group, constituted by the lagoons, in which the fish assemblages from more disconnected lagoons were more distinct then those from the river channel.
The positioning of the lateral lagoons in relation to the reservoir longitudinal main axis seems to have an important role for the fish fauna. The fish abundance observed in FPA was almost twice as high than the values from the other sampling stations. This lagoon is the most upstream located, around 90 km from the dam, which could be an important factor for the spawning of the migratory species, for instance. Another possibility to explain the high fish abundance in this lagoon is the fact that it is closer to the mouth of two important tributary rivers (Pirapó and Pirapozinho). Conversely, in the FPD, which is the most downstream located (80 km from dam), higher fish biomass was found, despite lower abundance, indicating that this lagoon is a more suitable place for fish growth than the others.
High mean length of the fish observed at the river bank (station PR) could be related to the fact that this reservoir compartment (river channel -open area) is preferentially occupied by older fish stages of small-sized species and young of large sized species.
The correlation between the ichthyofauna and the distinct environmental variables and also a possible spatial segregation among some species was evidenced by the canonical correspondence analysis. Most species were generalist, but some were associated to particular seasonal environmental conditions of each lagoon. These results support the theory that these organisms are sensitive to the changes in the environmental conditions and also corroborate the idea that the ichthyofauna can be used as a good ecological indicator (Gafny et al., 2000; Barrella and Petrere Junior, 2003) .
Besides the distinctiveness among the sampling stations, the ichthyofauna, as well as the environmental variables, showed clear differences along the year due to the typical regional alternation between the dry (winter) and rainy (summer) seasons.
During the warm and rainy months, mainly from November to January, the individuals mean length was low and the abundance was high. This result corroborates previously observed regional patterns, where most populations exhibit a marked seasonality in recruitment rates (Baumgartner et al., 2004; Bialetzki et al., 2005) .
In all sampling stations there was a strong dominance of few species, especially of H. marginatus. The marked dominance by few species was also observed in other rivers and reservoirs from the regions South and Southeast of the country (Carvalho et al., 1998; Castro et al., 2003) . This pattern of few dominant species associated to several low abundant ones, even rare, seems to be characteristic of tropical (either humid or seasonally dry-wet climate) communities (Odum, 2004; Benedito-Cecílio and Agostinho, 2008) .
At the FPA, FPB and FPD stations, there was the predominance of constant species. At FPC, there was a high contribution of rare species and, at PR, the accessory species were less abundant and the same number was observed for rare and accessory ones. The high number of constant species in the lateral lagoons, except in the most connected one (FPC) and especially in the larger one (FPD) (14 species), demonstrates that these lentic environments are used as residence sites for a significant proportion of the small-sized fish fauna.
The high fish richness and diversity as well as and the prevalence of constant species in the lagoons located inside the State Park of Morro do Diabo area showed the importance of the terrestrial area integrity for the maintenance of the aquatic assemblages (Schiemer et al., 1995; Baumgartner et al., 2004) .
The increase of the diversity verified during the rainy period, mainly in January, can be related with the concomitant increase of richness and abundance, mainly for the rare species captured in this period. This confirms the assumption that the rare species join the resident ones in certain periods of the year (Uieda, 1984) .
This study is one of the first to register the presence of the introduced (Amazonian) carnivorous Cichla kelberi ("Tucunaré") in Rosana Reservoir (Pelicice and Agostinho, 2009 ). Its high abundance was seen at the FPA where a high number of fish (small-sized individuals) was captured throughout the study. Another two introduced species were also collected, Oligosarcus pintoi and Gymnotus carapo. They had already been recently registered for the reservoir and also from samplings in littoral habitats (Pelicice et al., 2005 ). These results demonstrate that the lateral lagoons are suitable places for the establishment of non-native predators. The high prey availability, in addition to the absence of alimentary specialty (Hahn et al., 1997) , influences positively the colonisation process (Novaes et al., 2004) .
Among the environmental variables, the pluviometric preciptation significantly increase the contribution of alloctonous sediments, resulting in high turbidity and high concentration of nutrients. Conversely, in the dry period there is a significant increase in transparency, neutral pH conditions and high concentration of dissolved oxygen. Among the sampling stations, it was verified that the main channel was more variable seasonally, indicating that the lateral lagoons are more conservative (higher stability) systems. A detailed study on the limnology characteristics of the studied environment is presented by Ferrareze et al. (in press) .
The results validate the hypotheses that lateral lagoons have a prominent ecological role in the life cycle of juveniles and small fish and demonstrate how the connectivity river/lagoons may be important for these assemblages. The results indicate that the incorporation of marginal lagoons in environmental programs should be a good strategy for the conservation of the aquatic biodiversity, minimising the negative impact of the dam on the rivers ichthyofauna.
